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SARS-CoV-2 Omicron Variant of Concern:
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As soon as the first case of the omicron variant of severe acute respiratory syndrome coronavirus 2 was reported in November 2021,
it quickly spread worldwide with the emergence of several subvariants. Compared to previous variants, omicron was heavily mu-
tated, especially for those in the Spike (S) protein and its receptor-binding domain. These mutations allowed the viruses to evade
immune responses (i.e., previous infections and vaccine-elicited) and increase in transmissibility. Although vaccine effectiveness
is decreased for omicron, boosters remain effective for protecting against severe diseases. Also, bivalent vaccines have been devel-
oped to increase vaccine effectiveness. Interestingly, although omicron is highly infectious, it has less morbidity and mortality
compared to previously identified variants, such as delta. Additionally, the mutations that allow the virus to evade immune re-
sponses also allow it to evade many of the monoclonal antibodies developed at the beginning of the pandemic for treatment. Here,
we reviewed the omicron variant’s epidemiology, genetics, transmissibility, disease severity, and responsiveness to vaccine and

treatments.
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INTRODUCTION

After the first case of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) was reported in Wuhan, China in Decem-
ber 2019, it has spread worldwide, causing significant morbidity
and mortality. Unlike other RNA viruses, coronaviruses have a
proofreading mechanism leading to fewer mutations than oth-
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er RNA viruses, but the SARS-CoV-2 virus has mutated to form
a number of variants. These variants have evolved to escape
from neutralizing antibodies by changing the Spike (S) pro-
tein sequence and structure. The emergence of these variants
has led to repeated waves worldwide, and changed the patho-
genesis of the infection and the efficacy of vaccines.

The WHO Virus Evolution Working Group suggested using
letters of the Greek alphabet for naming each major variant of
SARS-CoV-2, classified as a variant of concern (VOC). As of No-
vember 2021, there have been four VOCs (alpha, beta, gamma,
and delta), which was reviewed in our previous study.! In late
2021, a new VOC was identified and named “omicron.” In the
present study, we discuss this new VOC, which has now re-
placed all other variants worldwide.

EMERGENCE OF OMICRON

On November 24, 2021, South Africa reported the first case of
B.1.1.529 variant from a specimen collected on November 9,
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2021. After the week of the first detection, cases with this new
variant increased dramatically. Given the spike in cases, the
WHO designated the B.1.1.529 variant as a VOC.? By Decem-
ber 15, 2021, the variant had spread to 80 countries. Then, by
January 6, 2022, the number of countries reporting the pres-
ence of this VOC had increased to 149, and the variant soon
became the predominant cause of COVID-19 worldwide.?

Since the original identification of the omicron variant, sev-
eral subvariants have emerged. The first reported subvariants
were BA.1 and BA.1.1, and then BA.2 and BA.3 were also re-
ported in South Africa around the same period (Fig. 1). Addi-
tionally, BA.4 and BA.5. subvariants were identified on April 4,
2022; and on May 22, 2022, BA.2.75 was also designated by the
WHO.?

MUTATIONAL PATTERNS

Genetic analysis of the omicron VOC has suggested that omi-
cron evolved either from the alpha VOC or a new monophy-
letic clade, depending on the evolutionary substitution model
method.* However, more than 50 mutations were found to be
different between omicron and its ancestral strain. Thirty of
these mutations were in the S protein and 15 were mutated sites
in the receptor-binding domain (RBD). Such extensive mutation
in the S protein pointed to likely immune evasion, likely anti-
body, which explains its increased infectiousness and break-
through infections compared to other SARS-CoV-2 variants.®
Table 1 presents the summary of mutational differences across
VOC and sublineages of omicron. Interestingly, a 69-70 dele-
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Fig. 1. The proportion of all circulating variants among SARS-SoV-2 se-
quence data and metadata from the Global Initiative on Sharing Avian In-
fluenza Data (GISAID) since April 1,2022 (as of July 18, 2022).2 Omicron sis-
ter-lineages and sublineages under further monitoring are shown. BA.1.X
and BA.2X include all BA.1 and BA.2-pooled descendent lineages.® PAN-
GO, Phylogenetic Assignment of Named Global Qutbreak.
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tion in the S gene of omicron caused a “S gene target failure
(SGTF),” which was only present in the alpha variants previous-
ly. This meant that the virus was not detectable by standard
PCR test in one of the three target genes of the S protein, lead-
ing to a false negative molecular test.* Thus, when two out of
three target genes were positive on a qRT-PCR test, it was a way
to identify that the person was likely infected with the omicron
variant rather than the delta variant, which was also circulating
atthe time.

As omicron has continued to spread around the world, its
sublineages have been identified. Comparing BA.1, BA.1.1,
BA.2, and BA.3 mutations, there are 21 mutations that are com-
monly shared. BA.1.1 and BA.3 each have one unique muta-
tion. BA.2 has eight unique mutations.' BA.4, BA.5, and BA.2.75
are close to BA.2, and compared to BA.2, BA.4, and BA.5 have
deletions of residues 69 and 70 in the N-terminal domain and
lack the Q493R and additional mutations at L452R, and F486V
in the RBD." BA.2.75 has nine more mutations compared to
BA.2."2 This progressive evolution likely points to further im-
mune evasion from pre-existing immune responses in popula-
tions, likely also impacting infectiousness of the virus. Table 1
shows the estimated reproductive numbers for each VOC and
subvariant of omicron.

PATHOGENICITY

Interestingly, shortly after omicron was first identified, it was
found that people infected with it seemed to have less severe
symptoms compared to people infected with previous VOC."
A multicenter, nationwide retrospective cohort study based on
the US Electronic Health Record data from December 2021
until January 2022 showed significantly less severe outcomes
with omicron infection than with the delta variant. The study
matched the omicron cohort with the delta cohort for demo-
graphics that included the socioeconomic determinants of
health, comorbidities, COVID-19-related medications, and
vaccination status. The data showed that the omicron cohort’s
3-day risk of hospitalization from SARS-CoV-2 infection, emer-
gency room visit, intensive care unit admission, and use of me-
chanical ventilation were significantly lower than those of pre-
vious variants."* A national cohort from Scotland also showed
that COVID-19 hospitalization decreased in the S-gene-negative
group (compared to the S-gene-positive group) after adjusting
confounders."”

Although the reason for this decreased pathogenicity of omi-
cron is not fully clear, a number of studies have offered some
clues. One in vitro study from Hong Kong found that the omi-
cron variant replication was lower and had weak fusion activity
in VeroE6/TMPRSS2 cells compared to delta variants, indicat-
ing that the omicron variant is less dependent on the TMPRSS2
pathway.'® Furthermore, Hui, et al.'” compared the replication
competency and tropism of original strain with delta and
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Table 1. Main Mutational Differences Across VOC and Reproductive Number
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Mutations in S protein

Variant N-terminal domain Receptor binding domain Others E i
Original Reference
Alpha A69-70, A144 N501Y A570D, D614G P681H, T716l, 4568 29% (95% CI:
S982A, D1118H 24-33)
Beta L18F, DBOA, D215G, A242-244,  K417N, E484K, N501Y D614G, and A701V 25% (95% CI:
R246l 20-30y
Gamma L18F, T20N, P26S, D138Y, R190S  K417T, E484K, N501Y D614G, HB55Y, T10271 V1176 38% (95% CI:
29-48)’
Delta T19R A157-158 L452R T478K D614G P681R DI50N 5.94(95% Cl:  97% (95% CI:
5.19-6.68)2  76-117)
Omicron
Common G142D (339D S373P S375F K417N D614G HB55Y N679K P681H 9.5% 347
Shared mutation N440K S477N T478K E484A N764K D796Y Q954H N96IK
Q498R N501Y Y505H
BA.1 AG67V A69-70 T95I A143-145 S371L G446S Q493R G496S TH47K N679K N856K L981F
N2111 A212 ins214EPE
BA1.1 AB7V AB9-70 T95] A143-145, R346K S371L G446S Q493R T547K N679K N856K L9I81F
N2111 A212 ins214EPE G496S
BA.2* T191 A24-26 A27S V213G T376A R408S Q493R
BA.3 A69-70 T951 A143-145 N211l S371F D405N G446S Q493R
A212 A214
BA4* T191 A24-26 AB9-70 A27S V213G T376A R408S L452R F486V
BA5* T191 A24-26 A69-70 A27S V213G T376A R408S L452R F486V
BA.2.75% T191 A24-26 A27S V213G K147E - D339H T376A R408S G446S

W152R F157L 1210V G257S N460K, R4930Q

R, basic reproduction number; Re, effective reproduction number; VOC, variant of concern; Cl, confidence interval; S, spike.
*BA.4/5, BA.2.75 share common mutations with BA.2, and the mutations marked in bold indicate differences between each subvariant.

B.1.1.529/omicron variants in ex vivo explant cultures of the hu-
man bronchi and lung parenchyma, and found that the omi-
cron variant showed higher replication competence in the hu-
man bronchi explant cultures ex vivo, but had lower human
lung explant cultures ex vivo compared to the delta variant and
original strain. Another study showed that the replication ca-
pacity of omicron variant was similar with delta isolates in hu-
man nasal epithelial cultures; however, in lung cells and gut
cells, omicron showed lower replication.'® Omicron S protein
was less efficiently cleaved compared to the delta variant.
Also, the entry of omicron variant to specific cell types was af-
fected by the cellular RNA expression of TMPRSS2. The less for-
mation of multinuclear syncytia in cell lines demonstrated an-
other reason for less virulence of omicron variant.' Additionally,
while multiple mutations on the S protein of omicron enable es-
cape from antibodies, T-cell immune responses are still present
and likely to lessen disease severity.”

Studies comparing the pathogenicity of subvariants have
been enlightening. One study compared the omicron subvari-
ants BA.5, BA.1, BA.2, and original B.1.1 in vitro and in vivo. In
the airway-on-a-chip study, BA.5 showed more destruction
and higher viral load in the blood compared to the other sub-
variants. Also, BA.5 that infected the hamsters’ lung tissues had

https://doi.org/10.3349/ym;.2022.0383

a higher histopathological score, larger area of type II pneumo-
cytes, and increased inflammatory responses (i.e., CXCL10, IL-
6, ISG15, and MX-1) compared to infection by other subvari-
ants. Taken together, these data suggest that BA.5 subvariant
is likely more pathogenic than other omicron subvariants.”!

TRANSMISSIBILITY

Increased transmissibility is a main characteristic of the omicron
variant, and is also the reason why it is the predominant variant
present around the world. During the last week of December
2021, the total number of new SARS-CoV-2 cases reported
worldwide was 9.5 million, which was 71% more than the pre-
vious week, and the omicron subvariant accounted for the larg-
est proportion of cases by the first week of January 2022 in many
countries.”” The doubling times were estimated as 3.3 days in the
South African province of Gauteng, and even shorter doubling
times were reported in many countries such as Australia (3.0
days), New York State (2.5 days), the UK (2.4 days), and Den-
mark (2.0 days).” The meta-analysis of effective and basic repro-
duction numbers (Re and R0) for omicron showed that the aver-
age effective reproduction number (Re) was 3.4 (a range from
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0.88 t0 9.4, IQR: 2.03, 3.85), and the basic reproduction number
was 9.5 (a range from 5.5 to 24, IQR: 7.25, 11.88) (Table 1).*

There are several mutations known to contribute to an in-
crease in transmissibility of SARS-CoV-2, including the combi-
nation of N501Y, Q493R, Q498R, T478K, and Y505H mutations
at receptor binding motif, which increases the binding affinity
with the ACE2 receptor, enabling the virus to easily infect tar-
get cells. Interestingly, the G496S mutation of BA.1 is known to
have the highest affinity."” Additionally, Hui, et al."” also found
that the omicron replicated significantly faster than the original
strain or delta variant in the human bronchi, which may sug-
gest higher infectious virus load in the airways. Of course, being
able to infect people who were previously infected or have
been vaccinated, or both would also likely increase the trans-
missibility of omicron compared to other variants.

PRE-EXISTING IMMUNE RESPONSE
FROM PRIOR INFECTIONS AND
VACCINATION

Currently, most people around the world have pre-existing
immune responses to SARS-CoV-2 either from vaccination or
prior infection, or both.*** This level of pre-existing immune
responses impacts the overall spread of SARS-CoV-2, and the
evolution of the virus to produce variants is based on the eva-
sion of these immune responses. Since the RBD is most tar-
geted for the immune system, mutations in these sites are
considered to influence the ability of antibodies to neutralize
the virus. One study found that convalescent patients’ serum
and vaccine serum neutralization activities against omicron
were lowered compared to the original strain and other vari-
ants.”” In addition, a study compared each omicron subvari-
ants’ neutralizing antibody titers in people who had been
boosted with an mRNA vaccine, and found that titers of neu-
tralizing antibody were different for each subvariant. Specifi-
cally, compared to the BA.1 subvariant, BA.2.12.1 and BA.4 or
BA.5 were lower by the factor of 1.5 and 2.9, respectively.” An-
other study showed that BA.4 and BA.5 were more resistant to
neutralization by boosted vaccine than BA.1, and BA.2."!

One meta-analysis study showed that after stratification by
predominant strain, an increased reinfection rate of omicron
variant was observed. During the first 3 months of the omi-
cron wave, the reinfection rate was 3.31% [95% confidence in-
terval (CI): 1.15-6.53] compared to 0.57% (95% CI: 0.28-0.94)
on the alpha wave and 1.25% (95% CI: 0.97-1.55) on the delta
wave.” These results showed that the pre-existing immunity
from prior infection might have less protective effect on the
omicron variant.

Data on vaccine effectiveness against omicron showed bene-
fits of a booster vaccination. A large, matched case-control study
was conducted during the BA.1.1.59 omicron surge in Israel
comparing individuals who took the booster shot of BNT152b2
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mRNA vaccine with controls who had not. Vaccine effective-
ness was estimated to be 93% (95% CI: 88-97) for admission to
hospital, 92% (95% CI: 82-97) for severe disease, and 81% (95%
CI: 59-97) for COVID-19-related death.*® Another study from
Qatar evaluated the effectiveness for each vaccination, previ-
ous Infection, and hybrid immunity against BA.1 and BA.2. It
found that previous infection, booster of vaccination, and hybrid
immunity offered protection from both BA.1 and BA.2 subvari-
ants in terms of severe, critical, or fatal COVID-19.%' Now, more
countries are offering second booster vaccines for higher risk
populations. For example, in Israel, a fourth dose of BNT162b2
vaccine began in January 2022 when the B.1.1.529 variant was
predominant. During this period, the team compared people
who received four doses of vaccine with people who had re-
ceived only three doses, and found that the people who re-
ceived four doses had greater protection against severe illness.
They also observed a decrease in confirmed SARS-CoV-2 in-
fection in the short term, but the effectiveness on infection it-
self waned after 4 weeks.*

For this reason, the U.S. CDC recommends getting booster
vaccinations.® For certain adults and adolescents (aged >12
years and weighing >40 kg) who are moderate to severely im-
munocompromised and may have an inadequate immune re-
sponse or unable to take COVID-19 vaccine, it is recommended
to administer the vaccines as two consecutive intramuscular
of tixagevimab 300 mg plus cilgavimab 300 mg injections for
6 months.* In June 2022, Pfizer and Moderna each developed
an omicron-adapted bivalent vaccine. The Pfizer vaccine
(BNT162b2 OMI Combination BNT162b2) consisted of an-
cestral SARS-CoV-2 and BA.1 subvariant spike mRNA, and the
Moderna vaccine (mRNA-1273.214) consisted of ancestral
SARS-CoV-2 and B.1.1.529 omicron spike mRNA. Interim re-
sults showed that the bivalent vaccines were well-tolerated,
and their neutralizing capacity against omicron was superior
to the previously authorized mRNA vaccines.**

TREATMENT

Since the evolution of variants resulted from immune evasion,
many antibody-based therapies that were developed early in
the pandemic have been thwarted by omicron. A modeling
study of monotherapy or combination therapy, which proved
to be effective in previous variants, showed that omicron sub-
variants can escape the antibodies (Table 2).*” Casirivimab,
imdevimab cocktail and bamlanivimab, etesevimab cocktail
both failed to neutralize omicron subvariants." Several studies
were conducted to compare each antibody’s efficacy between
each subvariants including BA.2.75. Interestingly, the tenden-
cy of potency against each subvariant was different according
to the monoclonal antibody. Sotrovimab was active against
B.1 and B1.1 but substantially decreased against the BA.2,
BA.4/5, and BA.2.75. subvariants. Bebtelovimab retained neu-
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Table 2. Monoclonal Antibodies for Treatment or Prophylaxis of COVID-19%

YMJ

Efficacy of monoclonal antibodies

Date of first EUA . (Omicron/B.1.1.529)
Most recent authorization and usage .. L
or approval Neutralization activity of
monoclonal antibody (ng/mL)*
Bebtelovimab 02/11/2022  Mild-to-moderate COVID-19 in adults and pediatric patients with 2%
positive results who are at high risk for progressing to severe
COVID-19 and for whom alternative COVID-19 treatment options
are not accessible or clinically appropriate
Evusheld 12/08/2021  For emergency use as pre-exposure prophylaxis in adults and 255.86145.31%
(tixagevimab co-packaged pediatric individuals for those who have moderate to severe
with cilgavimab) immune compromise
For whom vaccination is not recommended due to a history of severe
adverse reaction to a COVID-19 vaccing(s)
Sotrovimab 05/26/2021  Currently not authorized in any U.S. region (05/12/2022) 373.47+159.49%
Bamlanivimab and etesevimab  02/09/2021  Currently not authorized in any U.S. region (05/04/2022) >10000%
REGEN-COV 11/21/2020  Currently not authorized in any U.S. region (06/27/2022) >10000¥

(Casirivimab and Imdevimab)

EUA, emergency use authorization.

*The individual monoclonal antibodies were tested at a starting concentration of 50000 ng per milliliter/combinations of 10000 ng per milliliter for each antibody.

tralization activity against all circulating omicron subvariants,
which is why it became the only monoclonal antibody that can
be used as an alternative therapy for non-hospitalized adults
with omicron.*®* For cilgavimab, potency against BA.5 and
BA.2.75 reduced by approximately 13-fold compared to BA.2.
On the other hand, tixagevimab had enough potency against
BA.2.75, but it failed to neutralize BA.2 and BA.5."*% Based on
these data, among five of the monoclonal antibody agents that
were first approved or issued emergency use authorization
(EUA), three of them withdrew authorization.”” Fortunately,
non-antibody-based antiviral therapies for COVID-19 in non-
hospitalized patients using direct-acting antiviral inhibitors
that target viral proteins, such as the RNA-dependent RNA
polymerase or proteases, are still effective against omicron
subvariants. In particular, one study that assessed the in vitro
antiviral effect of remdesivir, molnupiravir, and nirmatrelvir
showed that the EC50 (50% effective concentration) was not
significantly decreased compared to other variants.*

SUMMARY

Despite the widespread containment efforts and strategies,
SARS-CoV-2 has evolved to become more infectious, leading
experts to become skeptical about the end of the pandemic.
Among all VOCs, omicron is the most mutated type of variant
and has unfortunately made the virus more infectious, though
less pathogenic. However, who knows what the next variant
will bring? We assume that the next VOC will be more infec-
tious than the current one, only because that is how variants be-
come VOC. However, as pathogenicity is more difficult to pre-
dict, persistent monitoring and early detection will be required.
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